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I.  PURPOSE  0^  *17*3  SUBJECT 

The  purpose  of  the  present  study  under  the  Contract  Ho. 
UA-9P-557-FEC-37969  is  to  clarify  the  biological  properties 
of  El  Tor  and  Asiatic  cholera  vibrios  and  apply  the  results 
to  differentiation,  classification  and  laboratory  diagnosis 
of  these  vibrios. 

‘  The  report  in  the  following  consists  of  three  different 

part.  The  first  section  describes  the  properties  and  prac¬ 
tical  application  of  kappa- type  phage,  which  ia  produced 
specifically  only  by  the  Celebes  type  El  Tor  vibrio,  and 
consequently  can  be  used  for  diagnostic  purpose.  In  the 
second  section  several  experiments  nn  fluorescent  antibody 
technique  are  described,  which  is  also  considered  aa  useful 
screening  method  for  early  diagnosis  of  cholera  patients  or 
carriers.  The  last  part  consists  of  description  of  bio¬ 
chemical  properties  of  "vibrios.**  Prom  the  results  obtained, 
it  has  been  concluded  that  some  strains  must  be  excluded 
from  vibrio  species. 

II.  STUDIES  OP  KAPPA-TYPE  PHAGE 

1.  GENERAL  PROPERTIES  OP  KAPPA-TYPE  PHAGE 
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a.  Hoat  Range  and  Serological  Properties;  A n  re¬ 
ported  earlier  (6),  Boat  atraina  of  T?1  Tor  vibrios  isolated 
in  the  epidemics  of  Southeaat  isia  produce  the  specific  tem¬ 
perate  phage  with  very  narrow  host  range,  and  this  was  ten¬ 
tatively  designated  as  kappa- type  phage.  Further  studies 
on  the  lysogenic  property  of  ?,l  Tor  vibrios  (7.  9,  10)  have 
revealed  that  the  temperate  phages  liberated  from  three  strains 
isolated  in  Sarawak  in  1961  ( S12  1-3)  had  exceptionally  wide 
host  range,  and  these  phages  were  designated  as  53  phaga3# 

The  forcer  was  lytic  only  to  Vibrio  choleras  strain  E213 
and  a  few  other  strains,  while  the  latter  were  lytic  to  99 
of  149  strains  of  31  Tor  vibrios  and  to  22  of  53  strains  of 
V.  cholerae.  Plaques  of  all  ths  temperate  phages  on  H213 
were  turbid,  but  clear  plaque  mutant  appeared  not  rarely 
in  the  rate  of  around  10  to  10  The  hoat  range  of  such 
a  mutant  was  much  broader  than  that  of  the  original  phages. 

Ml  the  kappa- type  phage  3  were  not  lytic  to  H218  mutants 
resistant  to  other  kappa- type  phages  or  S3  phages,  while  S3 
phages  vero  lytic  to  H?18  strains  resistant  to  kappa-type 
phage 3. 

Neutralization  test  was  carried  out  on  various 
keppa-type  and  S3  phages  with  rabbit  antisera  prepared  against 
a  kappa-type  phage  (Itazuke)  and  a  SB  phage  (S3  3).  Aa 
shown  in  Table  1,  the  neutralization  indexes  for  the  anti- 
kappa-type  aera  of  SS  phages  ware  aa  high  aa  those  of  kappa- 


type  phagea  (90-100),  while  thus*  for  anti-SB  5  phage  serial 
were  widely  distributed  from  30  to  100  irrespective  of  their 


types. 


t^eir 


Prom  the  reauv®  above  stated\all  the  temperate 


phage a  produced  by  31  Tor  vibrios  so  far  tested  are  con¬ 
sidered  to  be  serologically  closely  related.  Therefore, 

S'?  phases  can  possibly  be  regarded  as  the  host  range  mutants 
of  kappa- type  phage. 

The  five  phage o  used  by  Faker Jee  (4-)  for  a  purpose 
of  phage  typing  of  31  Tor  vibrios,  were  also  examined  for 
serological  properties.  Ml  five  phages  gave  the  similar 
results  in  neutralization  test  using  the  sera  above  stated, 
and  were  considered  to  be  closely  related  with  our  phages 
(Table  1). 


b.  Morphological  Properties  of  Kappa-Ty^e  Phage 
(6.  9.  10):  Electron  micrographs  were  prepared  by  the  nega¬ 
tive  staining  technique  using  sodium  phosphotungstate  solution 
as  a  contrasting  material.  Both  kappa- type  and  SB  phages 
were  indistinguishable  in  morphology.  They  were  tadpole¬ 
like,  and  had  a  hexagonal  head  (about  450-550  A  diameter)  and 
tail  (about  800-1,000  A  length  and  150-200  A  width)  with 
cross  atriation.  Ghost  phages  with  empty  head  and  contracted 
tail  eheath  wart  frequently  obaarvad  (fig.  X). 


3 


2.  STABILITY  0?  LYSOQBJflCITY  IK  BL  TO!  VIBRIO  3TRAUIS 

It  has  Leon  alraady  reported  that  two  strains  iso¬ 
lated  in  Djakarta  in  1961  (VB  12  and  13)  were  not  lysogenic 
■’■her  received  ai~  »ur  laboratory  (1C).  On  the  other  hand, 
several  strains  of  Celebes  type  R1  Tor  vibrios  have  become 
n->n-lysogenic  during  successive  cultivations.  Moreover, 
strains  isolated  during  the  Celebes  tyre  B1  Tor  vibrio 
voi demies  in  Philippines  and  cultivated  successively  until 
nnr  Investigation  kappa- type  phage  production*  also  have 
V,s*»r.  rroved  non-lyoogenic.  As  shown  in  Table  2,  these  orga¬ 
nisms  were  susceptible  to  kappa- type  phage  except  two  strains 
(Vi  V?  and  13),  and  the  lyaogenized  organisms  could  be  iso¬ 
lated  from  the  sentv*’  of  turbid  plaque.  Prom  those  findings, 
it  io  probable  that  <;ho  "curing"  had  occurred  naturally  in 
these  strains  resulting  a  lose  of  prophage  (13). 

Therefore,  including  the  original  cultures  of  3urh 
strains,  several  lysogenic  B1  Tor  vibrios  were  examined  on 
plv? go-producing  ability  for  isolated  single  colonies.  The 
moult  a  so  far  obtained  were  not  consistent,  but  in  some 
strains.  the  n^n-lysograio  colonies  were  obtained  in  fairly 
hjgh  rKte  (Tahla  3).  Tue  nature  of  this  phenomenon  is 
stm  obscure,  .and  further  studies  are  needed  for  clari- 


r 


C 


3*  IHDUCTIOH  0?  KAPPA-TYP3  PH\(TB 

a.  Induction  by  Ultraviolet  (UV)  Light  (10.  13); 
Inducing  effect  of  ITV  irradiation  for  lysogenic  SI  Tor  vibrios 
wsa  examined  according  to  the  method  of  Pield  and  Ifaylor  (2). 
These  phages  were  easily  induced  by  relatively  short  time 
irradiation  of  UV  (15W,  9Ccm,  15-20sec).  Pig.  2  shows  an 
example  of  UV  doais-yield  relationship.  The  one-step  induc¬ 
tion  curve  is  shown  in  Pig.  3.  -n  this  experiment,  phage 
titer  reached  to  its  maxmum  150  minutes  after  UV  irradia¬ 
tion  (9°cr.,  3Caec),  and  yield  was  about  10*- fold  of  non- 
induced  control.  In  normal  cultures,  a  ratio  of  colony 
forme rs/plaqae  formers  is  around  10*  as  indicated  by  broken 
line)  The  induction  rate  and  burst  size  calculated  from 
these  curves  were  95.5^  and  150  respectively.  As  shown  in 
Pig.  2,  not  production  of  phage  is  larger  for  shorter  irradia- 
ti  in,  but  induction  rate  was  much  lower  in  such  a  case. 

b.  Induction  by  Mitomycin  C  (MC)  (13):  Inducing 
effect  of  MC  was  alBo  examined  according  to  the  method  of 
Otsixjl  et  al.  (5).  Appropriate  amount  of  KC  was  added  to 
the  growing  culture  of  Celebes  type  U1  Tor  vibrio,  anu  the 
phage  titer  was  measured  after  3  hours.  As  shown  in  Pig.  4, 
the  optimal  concentration  was  around  c.5  mcg/ml  in  the 
shaking  culture,  but  in  the  atainding  culture,  that  was  only 
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0,03-c.l  ao ft/ml.  The  turbidity  of  the  growing  culture  sud¬ 
denly  decreased  about  60  minutes  after  the  addition  of  MC, 
and  this  decrease  of  turbidity  reached  its  maximum  within 
another  60  or  90  minutes  (Pig.  5).  Prom  the  one-step  in¬ 
duction  ourre  in  Fig.  6,  it  was  shown  that  relatively  small 
fraction  of  the  population  was  induced  by  MC  and  total  yield 
of  phage  was  only  10^-fold  or  the  control  culture. 

4.  APPLICATION  0?  STREPTOMYCIN-RESISTANT  INDICATOR 
STRAIN  ON  DETECTION  OP  KAPPA-TYPE  PHAGE 

'  i’if .  _  .  . 

Recently  we  succeeded  to  get  highly  resistant 
(ca.  1  mg/ml)  mutant  of  the  indicator  strain  H218  for  strep¬ 
tomycin  (SM)  by  means  of  direct  selection  technique.  This 
strain  (H218  Smr)  has  the  same  susceptibility  range  and 
E.O.P.  value  with  the  original  H218  strain  (12). 

By  th*  use  of  this  strain  with  SM-containing  medium, 
quantitative  phage  assay  and  spot  test  of  diagnostic  purpose 
has  been  simplified.  Even  when  whole  culture  of  test  organism 
is  mixed  with  the  indicator  organism,  only  the  free  phages 
can  be  detected  by  plaque  formation  under  the  presence  of 
SM,  and  colony  formation  or  phage  production  after  the  growth 
of  test  organism  are  Inhibited.  Consequently,  any  tlme- 
ooasuming  treatment  such  as  centrifugation  •»  filtration  is 
no  longer  needed  for  test  cultures  (19), 


5*  APPLICATION  OP  EAPPA-TYPI  PHASE  OE  EARLY  DIAGNOSIS 
OP  CELEBES  TYPE  EL  TOR  VIBRIO  CARRIERS 

As  already  stated,  most  strains  of  Celebes  type 
B1  Tor  vibrio  produce  the  kappa-type  phage  about  10”^  per 
bacterium.  Therefore,  after  the  enrichment  culture  of  fecal 
specimen,  we  can  detect  kappa-type  phages  simultaneously  with 
the  vibrio.  Moreover,  as  phage  detection  method  requires 
shorter  time  than  ordinary  isolation  culture  technique, 
this  method  seems  to  be  convenient  as  screening  diagnosis 
technique  of  the  carriers  of  Celebes  type  El  Tor  vibrio. 

In  the  earlier  report  (8).  the  supernatant  fluid  of  the  en¬ 
richment  culture  centrifuged  at  4,0n0  rpm  for  3^  minutes 
was  used  for  detection  of  kappa-type  phage  by  means  of  spot¬ 
ting  on  a  indicator  organism  overlayed  on  nutrient  agar  plate 
with  soft  agar.  After  the  establishment  of  SM-resistant 
indicator  strain,  however,  the  centrifugation  of  enrichment 
culture  is  ommitted,  and  the  culture  fluid  is  directly  spot¬ 
ted  on  tho  H218  Smr  mixed  with  soft  agar  containing  100  meg/ 
ml  of  SM  and  overlayed  on  nutrient  agar  plate  (Table  4). 

This  technique  has  been  shown  more  sensitive  than  ordinary 
culture  technique  (Table  5)  and  proved  very  applicable  in 
the  field  work  (13). 


xxz*  ttmomos  o?  ttmmmaat  aitibout  wcmxqpi 

TO  CHOESRA  8TOBXB8 

1.  APPLICATION  OP  PUJORBSCBBT  AlfTIBOBT  TECUHIQON  TO 
r*?  DBTBCTIOK  OP  CHOLSRA  VIBRIO 

Applicability  and  limitation  of  fluorescent  anti¬ 
body  technique  on  the  diagnosis  of  cholera  vibrio  were 
eurreyed  (14) .  Pluoresoent  anti-Bl  Tor  vibrio  antibody  wae 
prepared  from  hyperimmune  rabbit  sera  according  to  the  method 
of  Me  Devi tt  et  al.  (3).  Details  of  fluorescent  microscopy 
is  shown  in  Table  6.  Both  B1  Tor  and  Asiatic  cholera  vibrios 
were  stained  specifically  with  anti-Bl  Tor  vibrio  fluores¬ 
cent  sntibody  irrespective  of  their  types,  whereas  laboratory 
strains  of  Gram-negative  rods  other  than  vibrio  species  could 
not  be  stained  with  the  same  antibody  solution  (Tablo  7). 

In  the  fecal  specimens  from  the  non-cholera  patients  and 
ilthy  persons,  positively  stained  organisms  or  particles 
re  found  in  a  very  high  rate  (88^),  in  which  only  a  few 
re  strongly  positive  (Table  8).  These  positively  stained 
ganism8  or  particles  were  easily  differentiated  from  cholera 
.brio  in  ths  morphological  properties  or  strength  of  fluores- 
mce.  The  differentiation  of  specific  and  non-specific 
tain  was  not  difficult  especially  with  the  aid  of  observation 


W  $  llludmatlom  ht  t*m  earns  fisU  using  tH 

▼1*1*1#  n^Lt.  Vie.  T  ttem  th#  cifferentlatirra  of  H  fie 
vibrio  and  laherichia  ooll  by  naan#  of  ouoh  a  technique. 

Th#  Vitit  of  bacterial  concentration  In  thla  tech¬ 
nique  to  find  the  stained  organisms  obtioualy  In  th#  #m##r 
was  around  10®/*! •  ‘«*»t  aft#r  th#  snrichmrot  cultur#  for  6 
hours,  th#  ribrio#  can  d#t#ot#d  from  th#  material  which 
Initially  cortalnad  ribrio*  as  few  as  aavar*l  hundrads/ml 
(Tabl#  9).  Or  th#  whole.  t'tis  technique  is  considered  as  an 
•ffectlye  scrtenln?  method  to  detect  cholera  patients  or 
carriers,  as  this  technique  requires  shorter  time  than  the 
ordinary  isolation  technique. 

2.  STUDIES  0?  CROSS  STAIHIHG  REACTIOH  OP  VIBRIOS  (15) 

Various  -lbrio  strains  including  HAG  vibrios  and 
Vibrio  parahaemolyticus  were  stained  with  the  fluorescent 
anti-El  Tor  vibrio  antibody  to  examine  the  presence  of  cross 
staining  reaction. 

Although  no  cross  agglutination  existed,  the  cross 
staining  reaction  was  observed  between  cholera  vibrios  and 
other  vibrio  species.  Cholera-like  HAG  vibrios  and  V.  para- 
haemolyticua  gave  strongVy  or  moderately  positive  reaction, 
whereas  other  species  anc  so-called  water  vibrios  gave  only 
weakly  positive  or  negative  reaction  (Table  10).  flagellum 


z 

na  stained  in  all  the  strains  of  cholera  vibrios  and  V.  para- 
haemolyticua  tested*  hut  negative  in  most  other  strains. 

The  HAG  vibrio  with  positive  staining  reaction 
(strain  4714)  could  adsorb  only  the  antibody  reacting  with 
its  own  antigen  from  the  fluorescent  antibody  solution. 

On  the  other  hand*  cholera  vibrios  as  well  as  B1  Tor  vibrios 
could  adsorb  the  whole  antibodies  from  the  same  solution 
(Table  11). 

The  homologous  staining  reaction  was  not  inhibited 
by  sonloation*  heating  and  trypsin  treatment,  but  the  stain¬ 
ing  reaction  with  heterologous  fluorescent  antibody  was  strong¬ 
ly  inhibited  by  such  treatments.  Treatment  with  cold  or  hot 
trichloracetic  acid  inhibited  both  homologous  and  cross 
staining  reactions.  Trsatment  of  acetone-dried  organism 
with  95^  phenol  at  37  C  and  trypsini nation  thereafter,  gave 
strong  inhibition  of  cross  staining  reaction  (Table  12). 

The  results  indicate  that  only  the  antigen  of  0- 
naturo  contributes  to  the  specific  staining  reaction,  and 
the  cross  reaotion  of  HAG  vibrios  is  due  to  the  oommon  antl- 
gen(a)  of  protein  nature.  The  use  of  anti-HAG  vibrio  fluores¬ 
cent  antibody  gars  the  similar  results  and  conclusion. 

XT.  BXOOmiatt  TB0FSBTXB8  Of  SO-CALEHD  WATSft  VIBRIOS 
Aa  atatsd  in  tht  former  section,  acme  strains  of  so¬ 
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6*11*4  water  vibrios  gm  negative  fluorescent  antibody 
staining,  whereas  noat  othar  vibrios  gave  usually  positive 
raaotion.  Blochenioal  propartlaa  were  examined  on  these 
vibrios  to  olarlfy  the  taxonomioal  ralationahlpa  between 
than  (11). 

forty- three  strains  of  water  vibrio,  of  which  5  ware 
a tool;  strains  and  other  38  ware  newly  isolated,  2  strains 
of  T.  oholerae,  3  strains  of  81  Tor  vibrio,  2  strains  of 
MAO  vibrio,  and  3  strains  of  known  vibrio  apeolaa  (Y.  sat- 
ohnikovil.  Y.  danekel  and  Y.  proteus)  were  tested  for  the 
following  blnohenioal  characteristics:  1)  Add  production 
from  gluoose,  mannitol,  mannose,  galactose,  fructose,  arabl- 
noae,  rhamnose,  suorose  and  lactose;  2)  Hugh-Leifson  test; 

3)  VP  test;  4)  MR  test;  3)  reactions  in  SIX  medium  (HgS, 

PPA  and  motility);  6)  indole;  7)  cholera  red;  8)  reduction 
of  nitrate;  9)  urease;  10)  gelatin  liquefaction;  11)  Kovao's 
..oxidase;  13)  oyto chrome  oxidase;  1£  KCH  test;  15)  utilisation 
of  dtrate  (Simmons);  16)  utilisation  of  malonate;  17)  lysine 
decarboxylase;  18)  arginine  decarboxylase;  19)  growth  under 
the  presenoe  of  3 i»  or  7 i»  HaCl;  20)  susceptibility  to  tri- 
phenyltetrazolium  chloride  (TTC);  21)  eusceptibility  to 
vlbriostatic  agent  0/129;  22)  fluoraaeenoe  under  UY  light. 

The  results  is  shown  in  Table  13.  Y.  cholera* ,  inc¬ 
luding  81  Tor  vibrios,  MAQ  vibrios  tad  other  vibrios  show 
the  similar  pattern  in  this  table,  but  5  atoek  strains  of 


water  vibrio  mm  completely  different*  According  to  Davis 
•ad  Park's  criteria  (1),  especially  negative  sugar  deoow- 
position  and  reaiatance  to  vibrioatatic  agent,  theee  strains 
are  considered  to  be  "Coaamonae*  ap..  Two  of  newly  isolated 
water  vibrio  showed  similar  characteristics.  On  the  other 
hand,  we  could  not  get  distinct  difference  between  Asiatic 
cholera  vibrios  and  SI  Tor  vibrios  or  other  vibrio  species 
by  the  biochemical  characteristics  so  far  tested.  Differ¬ 
entiation  of  such  vibrios  by  biochemical  method  needs  further 
investigation. 
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Sensitivity  of  X  typs  phage-negative 
strains  to  X  typs  phage 


Table  2 


VB  12 

- 

VB  13 

- 

VB  126* 

■f 

PS  1* 

PB  4* 

♦ 

PE  9* 

♦ 

PS  20* 

■f 

Mel  1* 

♦ 

Mai  3* 

♦ 

Mai  4* 

♦ 

JS  186* 

♦ 

61-7891 

61-7870 

61-10348 

*■ 

62-3755 

62-4191 

*■ 

62-4192 

■¥ 

64-1711 

64-1751 

*■ 

64-1851 

♦ 

64-1879 

65-1270 

65-1466 

4- 

65-4382 

*  lysogenlcity  was  lost  during  the 
successive  cultivations. 


Sensitivity  of  kappa-type  phage-negative 
•trains  to  kappa-type  phage 


II 


Percentage  of  lysogenic  colonies  found  at  random 
generations  of  nueeeaaive  cultures  of  Celebes  type 
El  Tor  cholera  vibrio 


*  P  -  peptone  water;  A  -  nutrient  agar  slant 


Table  3*  Percentage  of  lyeogenio  colonies  found  at  random 
generations  of  successive  cultures  of  Celebes 
type  El  Tor  oholera  vibrio 


It 


* 


Enrichment  culture  in  alkaline  peptone  water 
for  5-10  hours 


Isolation  of  vibrio  by  "Spot  test"  on  SM- 
ordinary  method  resistant  indioator 

strain  H218  SM1* 

I 

Incubation  for  8  hours 

I 

lysis  (+) 

I 

•  Identification  must  be  carried  out 
by  neutralization  test  and/or  lysis 
test  using  kappa-type  phage  resis¬ 
tant  strain  of  H218. 


Table  4»  A  schema  for  routine  diagnosis  of  Celebes  type 
El  Tor  vibrio  carriers 
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Production  of  X  typo  phage  in  poptoao 
wo tor  culture  of  ColobOo  typo 
XI  for  oholorw  ribrlo  nixed  with  buna  foooo 


Table  5.  An  example  of  model  experiment  comparing  ordinary 
isolation  technique  and  kappa-type  phage  detection 
technique.  In  the  tube  2,  6  hours  after  inocula¬ 
tion,  only  kappa-type  phage  was  detectable 

t 
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Miorsoope:  Letts  Ortho lux 
UV-eourcet  08RAM  HBO  200W 
Exciter  filter:  Schott  KOI,  B038  and  x  UG1 
Secondary  filter:  Kenko  LAO  or  Schott  TJT-aha 
Objective:  Achromat  x  100 
Ocular:  OF  x  10 
Camera:  Leica  If  with  MIKAS 
Film:  Fuji  S3  or  Fuji  color  R  (ASA  100) 
Exposure:  1  to  2  min  for  black  and  white 
2  to  3  min  for  oolor  picture 


Table  6.  Details  of  fluorescent  microscopy  technique 


I 


Table  8 


SUtnlng  reactions  of  fecal  amors  frost 


non-chetera  patients 

No.  of  cases 

Nuaher  ef  smars  shoeing  fluorescence4 
with  the  intensity  of 

♦♦♦♦  ♦♦♦  ♦♦  ♦  • 

3* 

2  3  20  5  k 

*  The  speciaens  wore  classified  according  to  the 
strongest  fluorescence  found  in  the  specimn. 


Staining  reaotiona  of  feot^  smears  from  non- 
oholera  patients 


\ 
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Fluorescent  antibody  staining  of  El  Tor  cholera  vibrio  after 
the  Multiplication  in  enrichment  cutture  for  6  hours 

Initial 

population 
(CFU/mt ) 

2.75 

x  105 

N  O 

OJ 

M 

2.75 
x  10* 

2.75 
x  102 

2.75 
x  101 

Number  of 

vibrio  in 

one  micro¬ 
scopic  field 

138 

31 

3.1 

0.5 

>1  in  whole 

fields 

Number  of 

7 

1.5 

1.5 

2.5 

*  . 

vibrio  in 

x  !08 

x  !08 

x  107 

x  106 

7 

culture  (/ml) 

• 

TaUl«  9.  Pluoreacent  antibody  ataining  of  El  Tor  cholera 
vibrio  after  the  multiplication  in  enrichment 
culture  for  6  houra . 


r 


& 


Table  11*  Staining  reaction  of  vibrios  by  anti-JE5 
(Ogawa  type  Tor)  fluorescent  antibody 
adsorbed  witb  various  antigens 


2S 


\ 


ttt—%  of  TirltM  Triitwn  mi  MmUU 
tf  n  fir  u<  US  nirlM 


tmtant 

tl  Tor 

US 

Um 

♦♦♦♦ 

m 

■Mt  (100#0t  10  ala) 

»♦♦♦ 

•MdMtln 

(10  IC,  15  ala) 

♦♦♦ 

SoalMttlMi  lai  Iwit 

># 

■oalMtloa  sad  *** 

tentia  (0 .29*,  30  ala) 

♦♦ 

UaluU#a,  k»t 
■ad  tryvala 

♦ 

lot  TO!  (4*.  lOO^O, 

10  ~ia) 

♦♦♦ 

♦ 

55*  nwaol  (37*0#  4  tear*)  *+++ 

♦ 

fk«M]  aad  t7fila 

Table  12#  Effect  of  various  treatment  on  fluorescent 
antibody  itain  of  El  Tor  (Ogawa  type)  and 

IA0  Vibrio 
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*>tor  nMi* 


RM  ttlrt 


IfMtMt 


•  1.  (Mmmi  «■  S21J 
n  Tmt  Tlkrioi  JVf.  *»1  4.  Tor  * 

■M  Tlbrloi  4714.  47» 
f  T.  mrtOwlI,  ».  aoortul.  V.  orotwM 
•*  mw  at  pNltm  •tr*tiw/  iw*t  of  »tnlm  twtw 


Table  13.  Biochemical  properties  of  vibrios 


APPOTDIX  B 


figure  1.  Electron  micrograph  of  kappa-type  phage 
(Itasruke)  *  Aoomplete  phage  particle  and 
several  ghost  phages  with  contracted  tail 
sheath  are  seen. 


: 


In4wctt«N  tf  GaUtos  tyf*  Cl  T*r 


>•  4*  II  H  tl  M 

TIM  «l  UV  irraiutu*  (im) 


of  Celebes  type  El  Tor  cholen 

Irradiation  flSW.  QOem^ 


4-* 


? 


4% 


figure  4.  Ind 
by 
are 


Induct >•*  if  C«i«b««  typa  El  Tar  chafer* 
vibriat  by  «it»«jKi*»C 


Lon  of  Celebes  type  El  Tor  cholera  vibrioa 
jaycin  C.  H218(kappa)  and  Kal  4 (lcappa) 
rains  artificially  lysogenized. 
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.urn* 

t 


•  >•  M  «•  It*  It*  mtm 

-  •  - - -  ‘  .  s' 

Figure  5.  Effect  of  aitoaycin  C  on  tbe  growing  culture 
of  Celebes  type  31  Tor  obolera  vibrio  JE5. 

MC  wee  added  at  time  0. 
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On*  iti^  ik^MtiM  curwt  •!  C«l«b«t  typa 
Ei  Tar  cMin  vibria  JES  by  C 


Figure  6 


One-step  induction  curve  of  Celebes  type 
El  Tor  cholera  vibrio  JE5  by  mitomycin  C. 
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